Introduction
With increasing incidence and mortality, colorectal cancer (CRC) has become the third leading cause of cancer deaths with an estimated mortality of 191,000 in People's Republic of China, in 2015. 1 The development of distantly metastatic disease is the major cause of death, in which the liver is usually the most frequent site of metastatic disease. Approximately 20%-25% patients were initially diagnosed as having synchronous metastases and approximately half of the cases developed the metachronous disease after resecting the primary tumor. 2, 3 Hepatic resection is known to represent the only chance of curative treatment for colorectal liver-only submit your manuscript | www.dovepress.com
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Peng et al metastases (CLOM). 4, 5 Unfortunately, a large proportion of the population with the disease fails to achieve favorable long-term survival due to tumor recurrence. 6, 7 Thus, identifying relevant prognostic factors can readily screen out the high-risk subgroups and subsequently optimize therapeutic strategies for CLOM.
To date, tumor pathologic staging, differentiation, and types have been widely used for predicting CRC outcomes of patients. 8, 9 In addition to tumor factors, systemic inflammation has been recognized as an essential factor contributing to the development of malignancies. 10 Recently, growing evidence elucidated that a systemic inflammatory response was associated with poor clinical outcomes in numerous cancers. 11, 12 Specifically, among multiple systemic inflammatory markers, the lymphocyte-to-monocyte ratio (LMR), neutrophil-to-lymphocyte ratio (NLR), and platelet-tolymphocyte ratio (PLR) have been successfully identified as prognostic predictors for patients with advanced CRC receiving chemotherapy or surgical procedure. [13] [14] [15] However, evidence for the prognostic predictive values of preoperative LMR, NLR, and PLR in patients with CLOM receiving hepatic resection remains limited. 16, 17 Therefore, this study hypothesized that some of these inflammatory indexes might exhibit a potential and effective prognostic value for CLOM after hepatic resection.
This study aimed to investigate the prognostic impact of preoperative LMR, NLR, and PLR in patients with CLOM undergoing hepatic resection. Moreover, it also aimed to find out an authentic biomarker for accurate prognostic prediction by comparing the prognostic values among these systemic inflammatory biomarkers.
Methods Patients
This study retrospectively enrolled 150 patients from September 2000 to July 2012 at Sun Yat-sen University Cancer Center, People's Republic of China, undergoing primary tumor resection and hepatectomy with curative intent. The enrolled patients met the following inclusion criteria: 1) histologically confirmed colorectal adenocarcinoma, 2) metastases limited to liver, 3) R0 or R1 resection, and 4) no percutaneous ablation. Patients were excluded from the analysis if they had other active malignancies, died in the postoperative period, or had missing preoperative data making it impossible to calculate the LMR, NLR, and PLR. Patient demographics, primary and metastatic tumor characteristics, preoperative treatment, and follow-up results were reviewed in detail from the medical records and the follow-up system of Sun Yat-sen University Cancer Center. All procedures performed in studies involving human participants were in accordance with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Institutional Review Board approval was also obtained from the independent ethics committee at the Sun Yat-sen University Cancer Center. Informed consent was waived in this noninterventional, observational, and retrospective study, in which the patient data were kept strictly confidential.
Treatments
The treatment strategy for every patient was determined according to the final agreement of the multidisciplinary team, including staff from the Department of Colorectal Surgery, Hepatobiliary Surgery, Medical Oncology, and Medical Imaging and Invasive Technology. The operability of liver metastases was assessed using an enhanced chest computed tomography and abdominal and pelvic nuclear magnetic resonance imaging. Patients whose tumors were deemed to be both resectable and low-risk recurrent were suggested to undergo surgery directly, while those considered as potentially resectable or high-risk recurrent were suggested to perform preoperative chemotherapy followed by tumor resection.
Inflammatory index calculation
The systemic inflammatory data (neutrophil, lymphocyte, monocyte, and platelet counts) were collected from the blood routine test between 8 and 10 am within 7 days before the hepatic operation. LMR was calculated by dividing the absolute number of circulating lymphocytes by the absolute number of monocytes. Likewise, the NLR or PLR was generated by dividing the absolute counts of circulating neutrophils or platelets by the absolute number of lymphocytes.
Follow-up
All patients were suggested to return for a subsequent visit every 3 months for 2 years and then semi-annually until 3 years after hepatic resection. The evaluation included clinical examination, carcinoembryonic antigen (CEA) level, abdominal ultrasonography, and chest radiograph. Chest computed tomography, abdominal/pelvic magnetic resonance imaging, and colonoscopy were performed annually. Overall survival (OS) was defined as the time length from operation to death for any cause, while recurrence-free survival (RFS) was defined as the interval from hepatic resection to disease recurrence or death. The last follow-up visit occurred in September 2015.
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The receiver operating characteristic (ROC) curve analysis was applied to calculate the area under the ROC curve (AUC) and then determine the optimal cutoff values of continuous LMR, NLR, and PLR according to the 5-year OS. The correlation between clinical-pathologic parameters and LMR, NLR, and PLR was assessed by the chi-square test or Fisher's exact test, as appropriate. Survival outcomes for the binary level of inflammatory indexes were compared using the Kaplan-Meier log-rank test. Potential effects of clinical variables on RFS and OS were examined using univariate Cox proportional hazards. Variables proving statistical significance in univariate Cox models were further assessed using multivariate Cox models. The multivariate Cox proportional hazard model was used to further identify independent prognostic factors for RFS and OS. The hazard ratios (HRs) and CIs were subsequently calculated. The statistical analysis and forest plot figure were performed using the IBM SPSS Statistics 22 software (IBM Corporation, Armonk, NY, USA) and GraphPad Prism version 6.01 (GraphPad Software, Inc, La Jolla, CA, USA), respectively. All statistical tests used in this study were two sided, and a P-value of ,0.05 was considered as statistically significant.
Results
Optimal cutoff determination
The AUC of LMR, NLR, and PLR was 0.639 (95% CI, 0.550-0.728, P=0.004), 0.568 (95% CI, 0.477-0.660, P=0.152), and 0.518 (95% CI, 0.424-0.611, P=0.707), respectively ( Figure 1 ). According to the highest Youden index (specificity + sensitivity-1), the optimal cutoff values chosen for the LMR, NLR, and PLR were 2.82, 4.63, and 150.17, respectively (0.27 for LMR, 0.13 for NLR, and 0.10 for PLR). In the subsequent analysis, the LMR, NLR, and PLR were dichotomized into high-level and low-level groups according to the optimal cutoff values.
Patient characteristics
Of the total patients, 64.7% (97/150) were male and 35.3% (53/150) were female, with a median age of 58 years (range . Among the patients with the primary tumor, 58% had colon cancer, while 42% had rectum cancer. In 84 (59.2%) patients, the primary tumors involved lymph node metastasis. The majority of patients (85/150, 56.7%) presented a solitary tumor, and 62.7% (94/150) had synchronous metastases at the time of diagnosis. As for the hepatic metastases, the median size of the largest tumor was 2.8 cm (range 0.3-12.1 cm). In addition, 46.7% (70/150) patients received synchronous resection for primary tumor and liver metastases. With respect to chemotherapy, 59 (39.3%) patients received neoadjuvant chemotherapy before hepatectomy and 110 (73.3%) patients received postoperative chemotherapy. The detailed characteristics of the patients in this study are described in Table 1. relationships between preoperative lMr, nlr, and Plr and patient characteristics A larger proportion of patients with an elevated LMR showed a lower preoperative CEA level compared with that of the LMR-low group (92.8% vs 79.2%, P=0.048), as shown in Table 2 . Additionally, a higher proportion of the LMRhigh group received postoperative chemotherapy (82.5% vs 56.6%, P,0.001). Patients in the NLR-high group were more likely to present multiple hepatic metastases than those in the NLR-low group (68.8% vs 40.3%, P=0.030). In the PLR-high group, 77.1% patients had a negative hepatic resection margin, while in the PLR-low group, only 52.9% patients had a negative resection margin (P=0.005). As to the different LMR, NLR, and PLR subgroups, clinical characteristics including gender distribution, lymph node metastases, primary tumor location, largest hepatic tumor size, metastatic tumor distribution, timing of metastasis, preoperative chemotherapy, and liver resection were comparable. Abbreviations: aUc, area under the curve; lMr, lymphocyte-to-monocyte ratio; nlr, neutrophil-to-lymphocyte ratio; Os, overall survival; Plr, platelet-tolymphocyte ratio; rOc, receiver operating characteristic.
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Survival outcomes and inflammatory index
The median follow-up period for all the patients was 36 months (range 2-126 months). During the follow-up period, 68.0% (102/150) patients experienced tumor recurrence, including 65.7% (67/102) patients with intrahepatic recurrence, 13.7% (14/102) patients with lung metastases, 8.8% (9/102) patients with abdominal pelvic metastases, and 11.8% (12/102) patients with multiple organ metastases. As a result, 56.7% (85/150) patients died of disease progression. Regarding the entire study population, the 3-and 5-year RFS rates were 39.4% and 35.4%, respectively, and the 3-and 5-year OS rates were 56.8% and 43.2%, respectively. Patients with an elevated LMR had significantly better 5-year RFS and OS compared with those of the LMR-low group (RFS: 43.1% vs 21.4%, P=0.001; OS: 52.2% vs 27.5%, P,0.001; Figure 2A and D) . On the contrary, the estimated 5-year RFS and OS for the NLR-high group were significantly inferior to those of NLR-low group (RFS: 12.5% vs 38.5%, P=0.015; OS: 18.8% vs 46.7%, P=0.004; Figure 2B and E). Regarding the PLR groups, neither the 5-year RFS rates (36.3% vs 33.3%, P=0.593; Figure 2C ) nor the 5-year OS rates (44.4% vs 40.4%, P=0.229; Figure 2F ) showed any statistical difference.
The univariate analysis revealed that the high LMR was associated with better RFS (HR, 0.523; 95% CI, 0. 35 The LMR in the subgroups stratified by 14 clinical parameters was subjected to the univariate Cox model analysis to further verify the prognostic value of LMR. The prognostic value of LMR was consistent in both 5-year RFS and OS when considering the subgroups by age, tumor number, or distribution. In addition, the prognostic value of LMR was consistent in 5-year OS when considering the subgroups by timing of metastasis and resection margin ( Figure 3) . Thus, high LMR was demonstrated as the favorable prognostic factor for patients with male gender, lymph node metastases, colon cancer, metastatic tumor with the largest diameter ,5 cm, preoperative CEA level ,200 ng/mL, negative hepatitis B virus infection, non-anatomic liver resection, postoperative chemotherapy, and non-preoperative chemotherapy in both 5-year RFS and OS.
Discussion
To date, mounting studies have mainly concentrated on the biologic behavior and presentation of tumor histopathologic parameters to screen out feasible cancer-related variables 
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Predictors for clOM survival: a comparative study for predicting the prognosis of patients with CLOM after hepatic resection. [18] [19] [20] However, these variables did not entirely present the complete potency for predicting and guiding the individual treatment appropriately. Recently, growing evidence suggested that systemic inflammation potentially contributed to the tumor development, and it is now considered as a hallmark of CRC. [21] [22] [23] Therefore, this study evaluated the prognostic value of three common inflammation-based indexes (LMR, NLR, and PLR) and determined whether they could serve as alternative items 
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Peng et al Figure 2 Kaplan-Meier curves of lMr, nlr, and Plr for comparing the 5-year rFs and Os. Notes: A, B, and C are the survival curves of lMr, nlr and Plr for rFs, respectively; D, E, and F are the survival curves of lMr, nlr, and Plr for Os, respectively. Abbreviations: lMr, lymphocyte-to-monocyte ratio; nlr, neutrophil-to-lymphocyte ratio; Os, overall survival; Plr, platelet-to-lymphocyte ratio; rFs, recurrence-free survival.
to tailor different risk subgroups for patients with CLOM receiving hepatic resection. After prognostic comparison, the LMR exhibited the highest prognostic diagnostic value (AUC =0.639; 95% CI, 0.550-0.728; P=0.004) and was confirmed as a superior predictor of RFS and OS in patients with CLOM undergoing curative hepatectomy, compared with the NLR and PLR. Furthermore, the findings of this study also demonstrated that 
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Predictors for clOM survival: a comparative study Table 3 Univariate and multivariate analyses of risk factors for recurrence-free survival and overall survival in the patients with colorectal liver-only metastases undergoing hepatectomy Abbreviations: cea, carcinoembryonic antigen; hBV, hepatitis B virus; hr, hazard ratio; lMr, lymphocyte-to-monocyte ratio; nlr, neutrophil-to-lymphocyte ratio; Os, overall survival; Plr, platelet-to-lymphocyte ratio; rFs, recurrencefree survival.
preoperative LMR was the only independent inflammatory predictor for both RFS and OS. Additionally, the high LMR predicted a favorable prognosis in patients with male gender, lymph node metastases, colon cancer, liver tumor with the largest diameter ,5 cm, preoperative CEA level ,200 ng/mL, negative hepatitis B virus infection, nonanatomic liver resection, postoperative chemotherapy, and non-preoperative chemotherapy. Overall, these proved the hypothesis of this study and suggested that systemic inflammatory biomarkers, such as LMR, might be the same alternative indicator to further stratify patients with CLOM, compared with the conventional histopathologic parameters. So far, the predictive value of the preoperative LMR in CRC has been identified, and the decreased LMR delivered an unfavorable impact on the long-term survival among various stage subgroups. 24 Recently, one of the largest retrospective cohort studies revealed that the LMR appeared to be superior to the NLR, PLR, Glasgow prognostic score, BRAF mutation status, and mismatch repair status in prognostic prediction, which further indicated that the LMR was an independent predictor of OS in patients with nonmetastatic CRC undergoing curative resection. 25 In patients with unresectable metastatic CRC who received palliative chemotherapy, previous studies have elucidated that the LMR was also a useful marker for predicting the long-term survival and the efficacy of chemotherapy. 26, 27 As for the patients with CLOM undergoing curative liver resection, Neofytou et al first identified that the preoperative LMR remained the only independent prognostic factor for cancer-specific survival, compared with the NLR and PLR. 17 However, unlike the results of this study, the LMR was not proven an independent prognostic factor for RFS in their study. As a matter of fact, the recruited patients totally received preoperative chemotherapy in the study of Neofytou et al, while only 39.3% patients received the adjuvant therapy in this study. Consistent with the results of Neofytou et al's study, high LMR was not significantly associated with better 5-year RFS of the patients receiving preoperative chemotherapy in this study (HR, 0.583; 95% CI, 0.314-1.084; P=0.088; Figure 3 ). However, low LMR indicated worse survival outcome in non-preoperative chemotherapy subgroup. We considered that neoadjuvant chemotherapy contributed to improve the RFS of the LMR-low group, thus reducing the differences among survival outcomes. In addition, recurrent tumors in the lower-LMR group might be more resistant to additional chemotherapy than those in the higher-LMR group, leading to decreased OS, thus resulting in a significant OS difference in the two groups. 28 Together, it is worth further exploring the prognostic value of LMR in the extended cohort of patients with CLOM.
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Peng et al Several mechanisms could contribute to the outcome that the lower LMR compromised the long-term survival in patients with CLOM. The combination of two changes raised a very important role in the process: the relatively lower number of blood-circulating lymphocytes and excess monocytes. Previous studies have elucidated that lymphocytes played critical roles in the antitumor immunity of the host by infiltrating into the tumor microenvironment after being triggered by immunologic antitumor reaction. 29, 30 However, systemic inflammation significantly decreased cellular immunity, resulting in lymphocytopenia, which was marked as a decrease in CD4
+ helper lymphocytes and an increase in CD8 + suppressor lymphocytes. 31 A decreased number of circulating lymphocytes was, therefore, considered to be responsible for the insufficient immunologic reaction against the tumor, contributing to the poor cancer prognosis after surgical procedure in CRC. 32 On the contrary, the excess circulating monocytes are recruited to the tumor sites and differentiated into macrophages, which become the tumor-associated macrophages (TAMs). 33, 34 It is generally accepted that the TAMs act like the "jack-of-all-trades", being involved mostly in protumoral functions, including tumor cell growth, angiogenesis, migration, invasion, metastasis, and immune system suppression. 35, 36 Growing clinical evidence showed that an increased number of TAMs was correlated with therapy failure and poor prognosis in cancer patients. 37, 38 As a result, elevated circulating serum levels of monocytes may reflect increased production of tissue TAMs, high tumor burden, and immunodepression, entirely leading to worse survival outcomes. This is a novel study that demonstrated the LMR to be superior to the NLR and PLR as an independent predictor for both RFS and OS in patients with CLOM. Determining the preoperative LMR might provide useful information for the therapeutic choices before surgery. For instance, patients with a higher LMR might achieve sufficient benefits from curative intent policy and radical hepatectomy, and the following adjuvant chemotherapy administration was considered as the optimal therapeutic strategy. On the contrary, for patients with a lower LMR, hepatectomy may be ill-advised and further systemic therapy would be preferable. As mentioned earlier, this study further demonstrated that the LMR was more feasible for prognostic prediction in several specific subgroups. For example, in a male patient with colon cancer and primary lymph node metastases, the LMR might be more powerful to distinguish the prognosis. Because of the strengths of LMR, such as reliability, reproducibility, and low cost, we believed that it is easy to be applied in clinical practice and provided a supplementary diagnosis for the patients.
This study has several limitations. First, this is a retrospective study with uncontrolled methodology and a limited number of patients from a single-institution experience. Second, the preoperative treatment is inconsistent in some patients, which might affect inflammation-based index evaluation and survival outcomes. Additionally, complete data on the postoperative treatments of patients, such as regimen chemotherapies, types of radiotherapy, and interventional therapy, were not available. Also, subsequent therapies after disease recurrence play a critical role in prolonging the OS. Furthermore, appropriate cutoff levels of LMR, NLR, and PLR were calculated for OS using the ROC analysis. In fact, these cutoff variables were not consistent with those in previous studies and were necessary to be determined in validation studies. 17, 28 Finally, several disease conditions, such as infection, ischemia, diabetes mellitus, and heart disease, which may bias the blood-circulating cell counts, could not be taken into consideration. Overall, large prospective studies should be performed to confirm the findings of this study.
Conclusion
This study demonstrated that in patients with CLOM undergoing hepatic resection, preoperative LMR is the optimal and independent predictor of RFS and OS compared with the NLR and PLR. Thus, the LMR may help surgeons evaluate the benefit from curative hepatectomy and formulate individualized strategies of preoperative treatment.
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